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L  STOP!  OF  AKTIGS.'IC  ACTIYITI  OP  SQiS  PLANT  TQXALRHIKi 

Sana  plant  toxalburor.s,  such  as  ricin  from  Rieinus  Cocmunis  (Euphorblsceae) 
and  abrln  from  Abrus  precatorius  (Leguminosae)  are  extremely  toxic.  Ricin,  the 
highly  toxic,  hemagglutiaing  protein  is  of  great  interest  in  medicine,  for 
such  a  toxalbusin  when  injected  in  snail  doses  nay  act  as  an  antigen  and  ’ 
produce  in  the  body  an  antitoxin  analogue  to  that  produced  against  bacteria  or 
venom.  The  isolation  of  ricin  was  first  realized  by  still  markv1}  Earlier 
methods  of  preparation  were  carried  cut  before  the  development  of  modern 
physio  chc-nical  and  isnunscherdcal  methods  for  characterizing  proteins  and  data 
are  therefore  laking  on  the  purity  and  homogeneity  of  the  products  obtained. 

In  recent  years,  the  different  toxic  fractions  of  ricin  have  been  prepared  tp 
Rabat,  Heidelbergcr  and  Bezerte)  by  fractional  precipitation  with  sodium 
sulfate  (1947).  Kunitz  ar.d  Uc0onald(3)  have  obtained  the  most  toxic  fraction 
by  first  precipitation  with  S?dium  Sulfate  and  then  adjusted  the  iso-electrlc 
point  of  toxalbuain  Solution  at  pH  5.2-5. 5  (1948).  Houle vh)3tated  that  the 
highly  toxic  fraction  of  ricin  was  prepared  by  precipitation  with  half  aaturv-  - 
tion  of  acmoniua  sulfate  (1951).  The  isolated  fractions  of  ricin  prepared  by 
previous  authors  were  not  pure  and  homogenous  substances. 

In  the  present  report  a  sunsqry  is  given  of  a  portion  of  a  study  on  the 
extraction  and  purification,  of  ricin.  The  nature,  toxicity  and  antigenic 
activity  of  ricin  are  also  Studied. 


EXPERIMENTAL 

. . .  , 

Extraction  and  Purlflcatira  of  Ricin 

1,380  Gn.  of  caster  be.-n  were  ground  and  macerated  with  1,400  ml.  of  ether 
at  iron  temperature  for  12  hours.  Pressed  out  the  Solvent.  Repeated  the 
maceration  as  the  previous  tiiae.  The  castor  bean  powder  was  then  air  dried. 

The  castor  meal  was  extracted  twice  with  1.5  L.  of  alcohol  at  room  temperature. 
Removed  the  alcohol  by  pressing  and  dried  the  bean  powder  under  reduced 
pressure.  The  defatted  —it ter,  weighing  410  Gn.,  was  then  macerated  twice 
with  2  L.  of  105?  sodium  chloride  solution  at  3-4°C  for  24  hours.  By  filtraction, 
the  filtrate  was  freed  from  lodium  chloride  by  dialysis.  The  non-toxic 
globulin  precipitated  was  centrifViged  off.  The  proteins  of  the  supernatant 
liguid  were  precipitated  by  saturation  with  awaonium  sulfate,  and  after  15  hour* 
at  about  10°C,  centrifuged  the  mixture.  The  precipitate  was  dissolved  in  water 
and  freed  of  the  insoluble  matter  by  centrifuging.  Repeat  the  precipitation 
and  dissolution. 

To  the  clear  liquid  measured  90  ml.,  45  idL.  of  saturated  amnonium  sulfate 
3Iuti.cn  was  added  (1/3  saturation)  and  kept  the  mixture  at  3-4°C  for  24  hours* 
The  forming  precipitate  wis  centrifliged  off.  To  the  liquid  of  a  volume  of 
130  ml.,  44  ol.  more  of  saturated  arr.Toniuin  sulfate  solution  was  then  added 
(half  saturation)  and  kept  the  mixture  at  about  10°C  for  ?4  hours.  The 
precipitate  separated  free.  Centrifuging,'  was  dissolved  in  a  small  amount  of 
water  (the  supernatant  liquid  from  centrifuging  was  reserved  for  further 
treatment).  Repeated  the  precipitation  and  dissolution  and  finally  the  solution 
was  dialysed.  The  clear  solution  was  freeze-dried  in  a  Stoke  *9  freeze -dryer, 
cc del  2003  F2  (equipment  with  freon  as  freezing  agent,  drying  under  high 
vacuum  at  300  u  over  16  hours).  The  white  porous  powder,  Ricin  fraction  I 
(Ricin  I),  904  sg.  was  obtained  (yieldi  0.066$). 
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The  atrve  renerved  supernatant  liquid  from  half  saturation  of  osaoitlnt 
sulfatn  was  i'attjrated  again  with  acrr.cniua  sulfate.  Kept  the  mixture  at  10°C 
for  21  hours.  Collect  the  precipitate  after  centrifuging.  The-  precipitate 
was  dissolved  in  a  small  amount  of  water  and  made  the  solution  salt  free  t]r 
dialysis.  The  liguid  was  freeze -dried  in  a  Stcke's  free  ae-dryer,  giving  2,9®l 
Gn.  of  a  white,  porous  powder,  Ricin  fraction  II  (Ricin  II),  (yields  0.216*). 


Properties  of  Ricin  fractions 


Determination  of  the  sedimentation  constant  of  ricin  fractions  was  carried 
out  using  1*  solution  of  ric.in  fractions  in  0.2  K  sodium  phosphate  in  at 
ultracentrifuge.  Ihu  data  of  determination  were  as  follows! 


Ricin  I  S^q  -  6.78  x  lCT1* 

Ricin  II  Sjq  -  5.30  x  10“13 


Molecular  weight  calculated 
75/00 
55,000 


Ricin  II  was  found  to  have  a  molecular  weight,  of  about  85,000.  The 
sedimentation  constant  of  Ricin  I  was  slightly  lower,  leading  to  a  molecular 
weight  of  75*000,  a  value  not  considered  significantly  different  from  that  of 
Ricin  II*  since  the  precise  temperature  control  was  not  possible  during  the 
me asu recent  of  sedimentation. 


Ricin  I  showed  a  lower  optical  rotation  (  -23°}  than  did  the  Ricin  II 
(  -32®). 


Table  I  properties  of  Ricin  Fractions 


Ricin  I 

Ricin  II 

(<Wq  degrees 

-28® 

-32° 

Molecular  weigrt 

75,000 

85,000 

The  Ricin  I  and  II  were  determined  qualitalively  by  paper  chromatography. 
A  descending  method,  on  Whatman  paper  Ho.  1  and  a  solvent  of  citrate  buffer 
with  pH  6.0  (0.75  ml.  of  0.02  M  sodium  citrate,  9.25  *1.  of  2  11  HCL,  and 
50  Qc.  of  sodium  chloride  per  liter)  were  employed.  The  temperature  was 
kept  at  20°C.  Using  ninhydrin  as  the  spraying  agent,  it  shewed  that  Ricin  I 
gave  two  nearby  spots,  and  Ricin  II,  three  spots. 

Toxicity  Test  of  Ricin  Fractions 

The  toxicity  test  of  ricin  fractions  was  determined  by  Intraperitoneal 
injection  of  0,5  ml.  of  the  ricin  solution  in  serial  concentrations.  Threw 
mice  weiediing  2013  gm.  were  used  as  a  lot,  teing  injected  with  each  concentra¬ 
tion  cf  the  ricin  solution.  D>- ath  or  survival  for  four  days  w as  used  as  the 
end  point.  A  dose  of  1  ncg.  of  iucir.  I  had  no  significant  toxic  effect  on 
mice  weighing  ?C  G:..  when  peroral  ly  administered  but  was  lethal  when  adainisL. 
tered  Intraperjtc  ,  W. 


Quantity  of  ricin  fractions 
injected  (meg.) 

Int rape r itone al  toxicity  for  sties 

Ricin.  1 

Ricin  II 

; 

0.5 

0/3 

■ 

1.0 

V 3 

1.5 

3/3<60hr. 

5.0 

j 

3/3 

5.5 

3/3.9&r. 

Enzymatic  Hydrolysis  of  Ricin  Fractions 

The  direction  of  Ricin  X  by  pepsin  at  pH  U  or  by  trypsin  at  7.4  was  found 
to  take  place  slowly.  Action  for  3  days,  tbs  digested  ricin  gave  a  slight 
decline  in  its  toxicity.  1  meg.  dose  of  the  digested  Ricin  I  by  Intr^peritoneal 
injection  censed  death  of  the  mice  in  72  -  96  hours.  When  a  prolonged  enzymatic 
digestion  was  made  for  2  Weeks,  it  broke  down  about  39  -  4 Sf  of  the  lor  nolecular 
products. 


Table  III  Two-weeks  Bazymatic  Digestion  of  Klein  I 


Imuno-che.7u.cal  Properties  of  Ricin  Fractions 

The  antitoxic  serum  to  Ricin  I  was  prepared  by  imnunization  of  rabbits  with 
a  foraalinized  toxoid  prepared  as  follows*  A  lut ion  containing  5  mg.  of 
Ricin  I  per  =1.  buffered  at  7.4  with  0.02  K  Sodium  phosphate  and  0.15  N  sodium 
chloride  nr.d  with  0.5%  formalin  was  kept  at  37c 0  for  5  daps  (in  soae  instances 
5?  fomalin  was  used}.  This  procedure  resulted  in  ab«)Ut  a  100  to  a  1000  fold 
reduction  In  toxicity  when  0.5%  fomalin  was  used,  and  about  1000-fold  reduction 
in  toxicity  with  5%  formalin.  Harked  loss  of  antigenicity  oc cured  with  fomalin 
at  pH  3.5  and  above. 


Because  of  the  decrease  of  toxicity  of  the  ricin  toxoid  and  the  extreme 
susceptibility  of  the  rabbit  to  ricin,  it  was  found  necessary  to  give  each 
rabbit  subentanecus  injections  of  25,  50  aod  50  rc§.  of  toxoid  at  5  day  inter¬ 
vals  to  induce  some  imunity  before  intravenous  injections  were  started. 

Sach  rabbit  then  received  2-1.  intravenous  injections  weekly  for  4  wedcs,  as 
felltMsr  two  injections-  of  0.1  ag.,  two  of  0.3  mg.,  four  of  0.5  eg.,  four  of  . 
1.5  mg. ,  and  four  of  5.0  mg.  of  ricin  toxoid.  The  animals  becaae  so  resistant 
to  the  toxic  effects  of  ricin  that  icnranis2tica  could  be  continued  with  equal 
doses  of  an  alum  precipitated  undetoxified  ricin.  Rabbits  were  bled  5  day* 
after  the  injection.  The  effect  of  antitoxic  serus  has  been  showed  by 
neutralizing  the  toxic  effect  of  ricin  on  intraperitoneal  injection  into  mice. 


Disajssioi 

The  defatted  castor  meal  firstly  extracted  with  10£  sodium  chloride 
solution,  followed  by  fractional  precipitation  with  aaaonium  sulfate  ( 1/3, 

1/2  and  full  saturation),  the  highly  toxic  ricin  fractions  1  and  II  were 
obtained.  The  qualitative  determination  of  ricin  fractions  by  paper 
chromatographic  .method  showed  that  Ricin  I  gave  two  nearby  spots,  and  Ricin 
II,  three.  It  seems  that  Klein  I  and  II  are  still  not  pure,  homogenous 
rubstances,  same  as  those  ricin  fractions  prepared  by  kabat,  Heidelbergsr  and 
Bczer,  Kunitx  and  McDonald  as  well  as  Houlb  etc..  An  attempt  was  made  for 
the  purification  of  Ricin  I  &  II  by  using  ion-exchange  resin  column  chroma¬ 
tography.  So  favorable  results  obtained. 

Ricin  I  *  II  are  different  by  their  molecular  weight  of  75,000-85,00 0. 
Ricin  I  showed  a  lower  rotation  (-?8°)  than  did  the  Ricin  II  (-32°).  is  to 
the  toxicity  of  ricin,  I  meg.  dose  of  Ricin  I  hill  el  a  mouse  (20  Go. )  by 
intraperitoneal  injection  after  an  interval  of  4  dX/s,  while  in  the  case  of 
Ricin  II,  a  dose  of  5  gave  the  sane  lethal  effect.  It  is  interest  to 
notice  that  a  dose  of  1'  meg.  of  Ricin  I  bad  no  significant  toxic  effect  on 
mice  weighing  20  Gn.  when  peroral ly  administered  but  was  lethal  when 
administered  intraperitoneally.  It  seems  that  the  ricin  undergo  hydrolyse 
and  lose  part  of  its  toxicity  in  the  £  astro- intestinal  tract  of  mouse. 

In  the  enzymatic  hydrolysis  of  ricin  fractions,  t'ne  digestion  of  Ricin  I 
by  pepsin  at  pH  4  or  by  trypsin  at  7.4  was  found  to  take  place  slowly.  Action 
for  3  days,  the  digested  Ricin  I  gave  a  slight  decline  in  its  toxicity.  It 
has  been  showed  that  ricin  was  somewhat  resistant  tc  the  proteolytic  enzymes. 
It  is  somewhat  contradictory  to  the  phenocenum  that  the  ricin  I  had  no 
significant  toxic  effect  in  mouse  when  administered  perorally.  A  prolonged 
enzymatic  digestion  for  2  weeks,  it  broke  down  abcut  39  -  4335  of  the  low  mole¬ 
cular  products. 
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